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Chesapeake Bay contains a wealth of living organisms as is evidenced 
by the vast yields of the cokmercial fishermen, crabbers, and r,ystermen, 
while it is also a popular area for sport fishing. Such abundance of 
large animals of commercial value presupposes a corresponding weal.th 
of basic foods. 
The basic foods are the plankton-microscopic forms suspended in 
the wa'ter and ,drifting about at the mercy of the tides and winds. The 
most fundamental of these food organisms are tlie microscopic plant 
forms, phytoplankton, which convert inorganic substances into complex 
organic compounds through photosynthesis and subsequent processes 
of food elaboration. This group, then, serves as the basic food for all 
animal forms. It is the immediate fcod of zooplankton, larva1 crabs, 
oysters, and adult plankton-feeding fish, such as the herring and 
menhaden. Indirectly, phytoplankton serves as food for all aquatic 
animals since it is at the base of the food chain in which the phyto- 
plankton-feeding animals are eaten by larger animals, and these in 
turn are consumed by still larger forms. Hence, it becomes evident 
that the phytoplankton, its presence, and seasonal variations are of 
great importance. 
The report at hand is based on a record of the variations in the 
plankxon population of surface waters at a single station, where 
collections were made biweekly from September 1943 ,through Septem- 
ber 1945. The station chosen was in the channel of the Patuxent 
River, Maryland, near its entrance into Chesapeake Bay, about mid- 
way between the head and the mouth of the Bay. The site was 
convenient to the Chesapeake Biological Laboratory, where the inves- 
tigation was started in the fall of 1943 in conjunction with the work 
of other staff members. 
Those whose help proved invaluable during this investigation are: 
Dr. R. V. Truitt, Director, Maryland Department of Research and 
Education, for facilities and advice; G. F. Beaven, Department of 
Research and Education, for collection of many of the plankton 
samples, recording of hydrographic data, and general cooperation; 
P. S. Conger, Diatomist, United States National Museum, for help in 
identifying many of the diatoms; and Dr. F. G. W. Smith, Director, 
University of Miami Marine Laboratory and Dr. L. A. Saletel, S. M., 
Dean of the Division of Science, University of Dayton, both of whom 
p~ovided laboratory space and facilities in their respective institutions 
where it was possible to complete the problem startetl at Solornons, 
s 
Maryland. 
METHODS 
Samples were obtained from a power boat, by towing a plankton 
net of number twenty bolting cloth behind the wake of the boat. A 
tall, four ounce bottle was fastened to the small, open end of the net. 
On completion of the tow, the bottle was removed, formalin was added 
immediately to make a solution of approximately 4%, and the sample 
was stored for future analysis in the laboratory. At the time of 
sampling, records were made of the date, time, tide, weather conditions, 
and tempelature of surface and bottom waters. Also, samples of sur- 
Eace and bottom tvaterb were obtained for laboratory 'determination of 
salinity and dissolved oxygen. For these samples a Nansen-Knudson 
water bottle was-used, equipped with.a reversing thermometer. In  
the laboratory, the dissolved oxygen was determined by a modification 
of the Winkler method and expressed in cc/l; salinity was determined 
either by titration with silver nitrate or by use of a hydrometer and 
results expressed in  0/00, i.e., parts per thousand. 
I t  was decided to express the groups and species of the plankton ' 
in terms of percentage composition, rather than by the usual method 
of a census computed on the basis of cells per liter of sea water, since 
results of such a census are often questionable (Gilbert, 1942). In 
the method chosen, there was no attempt to gain the accuracy sought 
in a census, but, instead, to secure an  indication of the changes in 
dominant groups and species. In  interpreting the results, the following 
difficulties must be realized: (1) any method involving a count of 
cells is apt to be misleading, since small cells have the same unit vaIue 
as large cells, with many times their mass and nutritive value; (2) a 
percent count merely gives dominant groups at a given time and does 
n'ot show variation of actual numbers for any species; rather, it 
indicates the fluctuations of one species or  group in comparison with 
all other groups; and (3) a sudden growth of one species will 'of 
necessity show a compensatory decrease in the percentage for all other 
groups, even though the actual count for these other groups may 
remain the same. 
In the percentage composition method a temporary slide is made 
with a few drops taken from a well-agitated sample. Examination 
of the slide is made with a compound microscope, and the liist two 
hundred organisms are identified, recsrded, and tallied. By dividing 
these counts by two, a percentage figure is derived for each specie5 
which represents its place in comparison with the entire population. 
A count of two hundred was chosen since fewer organisms do not offer 
sufficient chance to compensate for uneven distribution of organisms I 
on the slide, while with more than two hundred the results do not 
seem to change appreciably from the initial count of two hundred. 
Rmepeated counts of two hundred organisms from the same sample v 
show results quite comparable to the original count. 
I t  is evident from the data, Table I, that a count of 'two hundred 
organisms is adequate for a comparison of groups. I t  is realized 
that chance distribution of species will cause slight variation (average 
of 1.5%) for the more plentiful groups. In  the scaycer forms there 
is greater chance for uneven distribution on the slide; this is especially 
true for rare, filamentous diatoms. 
TABLE I 
COMPARISON OF SUCCESSIVE ,COUNTS OF TWO HUNDRED ORGANISMS 
FROM THE SAME SAMPLE 
Case A Count 1 Count 2 
November 18, 1.943 
Diatoms ...................................... .......................................................... 43.5% 41.5% 
Dinoflagellates ...... .; ...................................................................... 24.5 29.0 . 
Tintinni,ds ................... - . ..................... 0.5 0.5 
Rotifiers ............................................................. "."..... 10.5 . 8.5. 
Copepods ......................................  ....................................................... 0.5 1.5 
Eggs and larval forms ., .............................. - ......-..........- 21.0 19.0 
Case B 
Decemlber 25, 1943 
Di,atoms ......................................................................... . 95.0 92.5 
Dinoflagellates ., ....................................................... 4.0 8.5 
Tintinnids ........................................................................................... 0.5 2.0 
Rotifers .........................................  ....................... 0.5 0.5 
. Eggs and larval farms -...... -- .....-........-..... - .- .............. 0.0 0.5 
Case C 
February 2, 1944, 
Diatoms , ............................................................................. - 94.0 93.0 
Din,oflagellates ................................................................................... 5.0 4.0 
Tintinnids ....................................................................................... 0.5 0.5 
Rotifers -.; ........................... "" .................................. . 0.5 1.5 
Eggs and larval forms ........ " ........................................... 0.0 1.5 
PLANKTON POPULATION 
Analysis of surface samples for two years, from September 1943 
through September 1945, yielded over two hundrred different plankton 
forms. Most of the identifications were carried to species, but in some 
cases such definite determinations could not be made. The popu- 
lation was predominantly phytoplankton, with diatoms the most 
abundant group .throughout the year, except during the warm summer 
months when dinoflagellates outnumbered them. Other miscellaneous 
phytoplankton farms are listed below. The tern "phytoplankton" is 
used to include all organisms possessing the power of photosynthesis. 
The aooplankton can be grouped into eggs and larval stages, cope- 
pods, rotifers, and protozoa, which includes primarily the tintinnids, 
other ciliates, and silicoflagellates. 
The list of species identified in this study, Table 11, is nut intended 
to represent a complete survey for the station. It merely shows what 
forms were present and observed under the conditions of sampling 
employed during the two-year period. Further analyses of samples 
for the same period and especially those of future years should yield 
many additional forms. The list also serves in determining the sea- 
sonal appearance and comparative abundance of each species. The 
appearance of each plankton form is indicated by a large dot (a) in 
one of the foll~owing five columns: spring, summer, autumn, winter, 
or rare For any season. When a particular form constituted more 
than one-third of the plankton, i t  is marked with a dmouble dot (a*). 
TABLE I1 
SEASONAL ABUNDANCE OF PLANKTON ORGANISMS 
Spring Summer Autumn Winter 
PHYTOPLANKTON : 
DIATOMOPHYCEAE (Diatoms) : 
. Achnanthes longipes Ag ., .......................... 
............... Actinoptgchus umdulatus (Bail.) * 
Amphiprora decussata Grun .- ..................... 
A. ormta Bail .................................................................. 
Amphora clevia A. Schm ................ 
A. ocellata Donk ............................................................ 
A. proteus Greg ............... ., .....-....... ..... 
Amphora ssp ...................................................................... 
Asterwnella japonica C1,eve & Moller ...... • • 
Babillaria paradoxa Gmel., van Heurck* 
Biddulphia granulata Roper ............. 
B. mobiliensis (Bail.) Grun.* ........................ 
B. regia M. Schulkze ....... ., ....................... 
Cerataulina bergonii H .  Perag.* .................. 
Chaetoceros affinis Lauder ............... 
C. bl-evis Schiitt .............................................................. 
C. ceratosporus ,O.stenfeld .............................. 
C. constrictus Gran ................................................... 
C. convolutus Castr ........ .................. 
C. danicus Cleve. ........................................................... 
C. de bilis Cl~eve ......................... 
C. decipiens Cleve* ..................................................... • 
I 
Rare 
C. d a m u s  Ehr  ....-......... ; ........................... ..,.- 
C. eibe?aii (Grun.) Meunier ................. ,........ ........ 
C. grmilis Schutt. ..*-...........-......-.-.--.......- 
C. pseudocrinitus Ostenfeld .,..-.. - 
C. septentrionalis Oestrup ...................... . ........ 
. 6. socialis Lauder .,.................................................. 
. C. subtilis Cleve ............................. - .... ..- ......... 
C. teres Cleve* ...-....-........-... ... .-....... - ...... -...- 
C. wighami B r i g h t ~  ................................................ 
..... Chaetoceros ssp ................... ...... ...... 
Cocconeis scuteltum Ehr  ...,-....,.. I- ...... - 
Cocconeis ssp ................................................................ - 
................ Coscinodiscus asteromphalus Ehr  
... C. centralis Ehr  ............................ ..-
C. ezcentricus Ehr  .,- ......--.....-...... -....- ..... 
C. oculus-iridis Ehr ................................................... 
.............................. .............. C. perforatus Ehr  i C. radiatus Ehr ........................... "..--......-.... 
C. subconcavus Grun .,........-...... - ..... -- ...... --. 
Coscinodiscus ssp .............................................. .......... 
Coscinoscira polychorda (Gran) ..... .. ........... 
Craspidodiscus sp .-, ............................... . ....- 
Cyclotella striata Grun ........................................... 
Cymbella ssp ......................................... ............................. 
Detonxla cystifera Gran ....,...--.. .. .- ......- 
Ditylium brightwelli (West.) * .- ............... .. 
Grammatophora marina Kutz ........... 
G.  serpentina Ezhr ...................... . ............................ 
Leptocylindrus danicus Cleve* ,..................- 
I Licmophora jlabellata W. S ., .....,-....... , ....- 
.............................. ........................ L. gracilis Grun ".... 
...... j L. tincta Grun ................................. - ....... ... 
Lithodesmium undulatum Ehr .......-......--.... 
Melosira borreri Greve ............................................ 
M. solida Eulenst ........................................................ 
. M. suleata Ehr.* ...................................... - ........- 
M. undulata (Ehr.?) Kiitz ............. 
........................................................................ Melosira ssp 
Navieula bombus Kg. Greg ............................... 
N. smithii Breb ................................................ 
Navicula ssp ........................................ . ........................ 
Nitxschia closterium ( Ehr.) .............................. 
..... N. longksima Grun ..........-...... - ,.,...-.,.... - 
I N. schweinfurthii Grun ............................ 
. . 
1 N. seriata Cleve .................................................... .......... 
. N.  sigma curvula (Ehr.?) Brun .................. 
. N. vermicularia Hantz, Pri t  .......-......--......- 
Nitaschia ssp , ..................................................... 
Pleurosigma alugulatum W .  S ........................... 
P. attenuatuk W .  S .,......l....n..-....... . - ....... - ....... 
P. elongatum W .  S ............................................. 
P. fascicola W .  S ................. ........, . ...... 
P. spenceri W. S ..................................... ... .................. 
Pleurosigma sp .- ............................. ...-.... ..-.... 
Raphoneis sp ., .................. 
Rhabdonema adriaticum Kutz ........... 
............... Rhizosolenia calcar-avis Schultze* 
. R. hebetata (Bail.) ., ............... 
R. setigera Brightw." ................................. - .......... 
..................................... R. sty1iform;is Brightw." 
Spring Summer Autumn Winter 
. 
. . 
Rare 
. 
Schroderella delicatula (PBragallo) .,- 
Skeletonema costatum (Greve.) * .................. 
Surirella anceps Lewis .................................... 
................... S.  fastuosa Ehr ........................................ 
S.  fluminensis Grun , .................. 
...... S. gemma Ehr .......................................................... .. 
..... Surirella sp ............. .. ...................... ...- .......-.......... .. 
Thalassiosira decipens (Grun.) ...-......-....... 
T .  gravida C&eve ....., .................................. .................. 
Thalassfosira ssp ............... ... ...... ....... 
Thalassiothrix nitzschioides Grun.* ............ 
DINOPHYCEAE (Dindagellates) : 
Amphidinium flexurn C. Herdman -..... ...... 
Amphidinvium sp ............................................................. 
Ceratium furca (Emhr.) * , ...,.... .. ....... .... ...... - 
C. f usus (Ehr.) * ............................... .. ........................ 
Cochlodinium schuetti Kofoid & Swezy 
..... .... Cochlodinium sp... ............ - --.- - 
Dinophysis acuminata Clap. & Lach. ...... 
D. lenticula P a d l a r d  ................................... 
D. ovum Schiitt ............................................................... 
Diplopsalis lenticula Bergha,- ............. - ...... 
Esuviella apora Schiller .................................. ....... 
Goniaulax catenella Whedon-Kofoid .,.....-. 
G. digitale (Pouchet) ...................................... 
G. polyedra ,Stein ............................................................ 
. G. polygramma Stein - .............. ... -... 
G. scrippsae Kofoid .................................................... 
G. spinifera (Clap. & Lach.) .-...... ............ ...- 
G. unicornis Lebour ............................................... 
. Goniaulax ssp ., ............................................. ...... 
Gymnodinium lunula Sehiitt .............................. 
G. nelsoni Martin ............................................... 
G. simplex (Lohmann)..: .................................. . 
Gymnodinium ssp ...................................................... 
Gyrodinium calyptogtyphe Lebour ............- 
Kryptoperidinium foliaceum (Stein) ...... 
Noctiluca scintillans Macartney* .,- ........... 
Peridinium achrornaticum Levan'cler ......... 
P. berwipes Paulsen .- .................... 
P. bulla Meunier ............................................................ 
P. fueroense Paulsen .............................................. 
P. leonis Pavillard. ....................................................... 
P. obtusum Karsten ................................................... 
P. pentagonurn Gran ..................... 
.................................................... P. triqueta (Stein) 
P. trochoideum (Stein) Lemm ...-.....-......... 
P. willei Huitfeld-Kaas ...................................... 
Peridinium ssp ...................................... " ............... 
Peridiniopsis rotunda Lebour .......................... 
Polykrikos ko f oidi Chatton ............................... 
Pro~ocentrum micans Ehhr.* , ........... 
P. triangulatum M,artin .......................................... 
MYXOPHYCEAE (Blue-green algae) : 
Merismopedium glauca (Ehr.) Nae,geli 
Oscillutoria sp ......................................................... "....... 
Spring Summer Autumn Winter Rare 
ma ma 
a 
Spring Summer Autumn Winter Rare 
a 
CHLOROPHYCEAE (Green algae) : 
Chlorella sp ............................................................... 
Chroococcus sp .. " ................................. . ,.-........ " ....... 
EUGLENOPHYCEAE : 
Ezttreptia marina (da Cunha) ........................ 
MISCELLANEOUS PHYTOPLANKTON : 
Fungus sporangia ........................................................ 
Pine pollen ....................................................... ......... ".... 
ZOOPLANKTON : 
PROTOZOA : 
SILICOFLAGEUIDAE 
Distephanum sp ............................. .. ....................... 
Ebria sp  ................................... ... ............................................ 
CILIATA-Tintinnoineat 
Codonella ssp .................................................................... 
Eutintinrnus .ssp .......................................................... 
. Favella s p  .- ................................. ................................. 
Helicostoinella sp .................................................. 
Leprotintinnus ssp ....................................................... 
,!fetcccylis .ssp..: .................... . ................... : ................... 
Tintinnopsis ssp ....................................................... 
Undellidae gen. sp .............................................. 
' Other Ciliata 
Euplotes sp ........................................................................ 
Uronychia sp .............................................. " .........-..... 
Vorticella sp ................................... " ...................... 
PORIFERA : 
Sponge spicules (monaxon type) ....-........-. 
CRUSTACEA : 
Cladoeera - ........................................................................... 
Copepoda .......................................................... 
Ostracoda .......................................................................... 
ROTIF- : 
Anuraea sp .............................................................. 
.. Pterodina patina Ehr ................................................ 
........................................................................ Rattulus sp 
................. .............. Synchaeta sp ............................. .- ". 
LARVAE AND EGGS: 
Annelid larvae ................................ ................................ 
ahordate larvae .................................................. 
Clam larvae .- ......,...."-........- " ................................. 
Gastropod post-embryos ...................................... 
Mollusc larvae (ohher than clam) .................. 
N aup1.ii ...--..-...-...-.. " ........-....... .L ........-..-..... ........- 
Plariula Jarvae ..................................... "-" ...... "........- 
Trochoph'ore larvae .............................................. 
- Tunicate-taclpole larvae ................................. 
Zoea ....-".-....-.......-... - .-.- ................................. " 
* Species reported by Cowles (1930) as present in Chesapeake Bay. 
f The Tintinnids will appear in a later publication on the Tintinnids of Chesapeake Bay, a report now 
i n  progress. Since species determinations are not definite at this time, they .are listed by genera only. 
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SEASONPlL TRENDS 
HYDROGRAPHIC SEASONS. The  estuarine waters of Chesapeake Bay 
have characteristics of both the fresh rivers which empty into i t  and 
the marine waters pf athe Atlantic Ocean into which i t  flows. There 
is a gradient of salinity which increases from the head of the Bay, 
well above Baltimore, to the point of its entrance into the Atlantic 
Ocean at Capes Henry and Charles (Cowles, 1930). The  Patuxent 
River station, subject of this investigation, lies about midway between 
the head and the mouth of the Ray, both geographically and hydro- 
graphically. T h e  salinity of the surface waters varied between 8.0 
and 18.4 0/00, and the year-round average has been determined by 
members of the Laboratory staff as being 14.0 0/00. Since the density 
of water increases with higher salinities, ,the saltier waters are generally 
found near the bottom. 
Characteristic of temperate zone waters, there are distinct seasonal 
trends in  Chesapeake Ray corresponding to the changes in temperature 
throughout the year. During 'the period reported herq, the surhce 
water temperature did not exceed 30°C. nor go below O.O°C. Dissolved 
oxygen was found to be more abundant in the surface waters except 
during periods o l  mixing. 
Data in Figure 1 indicate the changes in hydrographic factors for 
both surface and bottom waters. (The ,depth of water at the station 
was 19 meters.) These data offer a basis for dividing the year into 
the following hydrographic seasons. 
Autumn extends from late September or early October through 
November. Early in this period the air rapidly becomes cooler, and 
there is a corresponding decrease in the tempeyature of the surface 
water. During the summer, the colder water, being ,denser, remains at  
the bottom, and the warmer surface water reflects the ,variations in 
air temperature. With a cooling of the surface waters to a point lower 
than the water beneath ht, a mixing results, as the cooled surface water, 
being denser than the warmer bottom water, settles and gives way to 
the lighter sub-surface water. This, in turn, is cooled and becomes 
denser than that beneath it, and so the mixing continues until the 
water approaches o r  reaches the point of greatest density, 0.5OC. 
Since there is an inverse correlation between the temperature of the 
water and its capacity ,to hold oxygen in  solution, 'there is an increase 
in the dissolved oxygen during the autumn and winter months. 
The salinity of the Patuxent River is greatest in autumn or early 
winter. This increase is the result o l  many factors: the movement of 
more saline waters from the Atlantic Ocean into the Bay, the small 
amount of dilution during the summer months, and the evaporation 
of surface waters under the summer sun. 
Following the autumnal mixing, dissolved oxygen is nearly uniform 
in surface and bottom samples, and there are but slight differences 
between salinities of surface and bottom waters, the more saline waters 
being at  the bottom. 
Winter extends through most o l  ~ e c e h b e r  and January. During 
this period nearly homogenect:~ conditions exist and continue until 
the end of February. The  dissoIved oxygen and temperature are 
nearly uniform from top totbottom, with the bottom showing sIightly 
higher temperatures and lower oxygen content than the surface. There 
is no evidence of homohalinity since the denser, more saline waters 
are on the bottom. Continuing the autu.mna1 trend, the oxygen 
content increases as the temperature declines, and the salinity remains 
high. This period is terminated after the lowest temperature of the 
year is reached (1.7OC. on January 21, 1944, and O.O°C. on February 8, 
1945, in bottom waters) . 
Spring extends from February to May. After the winter low in 
temperature is reached there is a brief period oE mixing as the surface 
water is warmed to the point of greatest density and mixes with the 
less dense, cooler waters beneath. T h e  vernal mixing is less obvious 
than the autumnal one and is represented by a short period when both 
surface and bottom samples have nearly the same temperature (refer 
to February 1945). After the surface water temperature increases 
beyond 0.5OC., the mixing ceares, and ,the surface rapidly warms up 
with the temperature of the bottom water lagging behind. Dissolved 
oxygen is greatest during early spring, but decreases with the spring 
warming of the water. Toward the end of the season, there is some 
oxygen stratification. Salinity decreases during .the spring due to 
spring rains and the increased runoff from the rivers emptying into 
the Bay. T h e  differences between salinities of surface and boatom 
samples are greater at this season than at any other. 
Sgmmer extends from May throughout most of September. Early 
in this season the surface water is warmed more rapidly than the 
bottom, but by August the temperature is nearly uniform. The  trend 
of surface salinity is a gradual increase through summer which con- 
tinues into autumn. The stratificaction of salinity shown in  spring 
gradually disappears as summer progresses. The  greatest difference 
between oxygen content of surface and bottom waters occurs during 
the summer. The  dissolved oxygen reaches a low in bottom waters 
during this season (0.15 cc/l, on June 2, 1944; 0.75 cc/l, on June 21, 
1945; and 0.88 cc/l, on August 21, 1945). This depleted oxygen 
supply appeals to make aerobic life relatively scarce at the bottom. 
Brief periods of mixing occur during the summer when there is a 
sudden drop or lag in heating of the surface water and a subsequent 
mixing with warmer waters beneath. This mixing may be caused by 
strong winds which in cases " turn over" the entiye body of water. 
Such a lag in surface temperature increase was observed in late June 
1944 and early June 1945. 
Summer ends with a decline in the air temperature and an accom- 
panying drop in the surface water temperature. Then the autumnal 
mixing starts and the cycle proceeds. 
SEASONAL CYCLE OF MAJOR GROUPS. Figure 2 shows the two year 
variations in plankton populations base,d on percentages for the main 
groups. The  top part of the figure represents the major groups: 
diatoms, dinoflagellates, and immature zooplankton forms; the bottom 
series, the minor groups: tintinnids, rotifers, and copepolds. The  
variations of plankton groups are discussed according to the hydro- 
graphic seasons outlined above. 
Autamn. In early autumn, diatoms are the dominant group, but 
they soson give way to an increase in dinoflagellates as indicated by a 
high of 29%, November 18, 1943, *and 64%, October 4, 1944. This 
decline #of diatoms is of short duration being followed by a steady 
increase until by December of both years they were the dominant 
group, making up more 'than 90yb of the plankton. The immature 
forms show a slight increase in the fall at about the same time as 
the dinoflagellates increase. Tintinnids and copepods disappear early 
in the autumn. 
Winter. This is a period of trahsition between the autumnal and 
vernal populations, with diatoms making up more than 90% of the 
plankton population. There is a paucity of identified forms other 
than diatoks. 
Spring. With the initiation of the "warming up" of the water in 
early spring, there is a slight increase in certain types of immature 
forms and of dinoflagellates. This exception is one of short duration . 
after which the diatoms make up nea~ly  3100% of the plankton until 
the end of spring, and are responsible for a vernal maximum of as 
many as 6.6 X 10R organisms per l., on April 25, 1944. 
Summer. Data accrued here indicate that the plankton population 
of the summer season is less predictable than that of any one of the 
other three seasons. In  early summer, there is a rapid increase in 
immature zooplankton forms and dinoflagellates. The  former taper 
off by the end of July, but the latter continue to make up an appre- 
ciable part of the population until they reach a peak in late summer 
or early autumn (early October 1944 and August 1945). Diatoms 
contituted more than 50% of the ,population through September oE 
1944; while throughcut the summer of 1945, dinoflagellates were the 
most abundant group. Tintinnids, rotifers, and copepods are also 
present in samples throughout the sumnler months. 
SEASONAL CYCLE OF MAJOR SPECIES. Data listed in Figure 3 indicate 
fluctuations and seasonal appearances of four planktonic species of 
diatoms that made up an appreciable part of the population during 
the period from September 1943 through September 1945. I n  addition 
to these forms, two other species of diatoms and three of dinoflagellates, 
of more sporadic appearance, constituted more than one-third of the 
entire population on different occasions. 
Skeletonema costatam made up one-third of ,the plankton at  the 
time of the first sampling, September 15, 1943, increased to nearly 
70010, then fell to  below one-third by November 10. It  continued to 
be present in samples until the end of January. I t  again appeared in 
the middle of July and after some fluctuations in abundance, attained 
a peak of 76% on September 6. I t  then gave way to other species, 
only to attain another peak in early December. This period of abun- 
dance continued to the middle of Februar? The  species was rela- 
tively scarce in samples taken from March until September, when 
it increased to include more than 50% of the total population by the 
end of the mmth,  when the sampling period ended. ,The appearance 
of this diatom in autumn and winter is in accord with the findings of 
Cowles '(1930) who reports i t  as having its highest counts during 
October 1915 and January 1916. Its abundance in  early autumn is 
significant since i t  is an  important factor in the " fattening " of oysters 
(Nelson, 1933 and 1942.) 
Species of Chaetoceros are treated together because of the difficulty 
in differentiating between many of them. Since the figure represents 
many different species (seventeen were identified), there are small 
peaks, which probably represent the appearance of individual species. 
Chaetoceros cells were present in small numbers from September 15 
through November 12, 1943, when there was a sudden increase to 45%. 
Another peak 'of 30% followed cm Decembe~ 8. The count for the 
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species of this genus then fell to less than 10% for practically all samples 
until October 1944. This was followed by a rapid increase to a high 
of 94% on November 13, which dropped to below 10% in early 
December. The species that con~ributed most to this bloom was 
C. socialis which greatly discolored the water. There were no more 
major appearances of this genus through September 1945. 
Nitzschia seriata was generally present in samples throughout the 
year. Its first appearan'ce, when it contributed over one-third to the 
population, was from January through March 1944. Then it gave ' 
way to Cerataulina bergonii, only to replace it at the end of May and 
on through August. After many fluctuations in the fall, the number 
again increased in the winter, and it made up more than 65% from 
February through April 8, 1945. It disappeared during the heavy 
growth of dinoflagellates in the summer of 1945. 
Cerataulina bergonii is a spring diatom which rose Erom its ap- 
pearance late in December 1943 to a high of over 60% £rom March 27 
to May 20, 1944. During this period, it made up more than 90% 
of the population fox nearly one month. In late May, Cerataulina 
suddenly decreased and disappeared from the plankton by the end 0'1 
June. In the fall, it reappeared and reached a peak of 39% on April 
23, 1945. Again, it disappeared at the end of May. This species r: together with Nitzsch.ia seriata, was the cause of the spring diatolm \ 
', blooms of both years. Cowles (1930) reports that in 1916, C. bergonii i 
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attained its high in April and reached a minimum in summer. 
Thalassiothrix nitzschiodes appeared suddenly and reached a high 
of 48% on June 26, 1944. Aside from this singular appearance it was 
scarce in samples. 
Leptocylindrus danicz~s was another, usually rare diatom which 
exhibited a sudden peak of 48% on August 11, 1944. 
Prorocentrum micans attained a peak of 52% on October $ 1944. 
CowIes (1930) also reports this dinoflagellate as being most abundant 
during summer and autumn months. 
Peridinium triqzceta constituted 19% of the plankton on November 
18, 1943, but was very scarce during the summer and autumn of 1944. 
It attained a high of 38% on June 21, 1945, fell off slightly, and then 
rose to 94% on August 13. By the end of September, i t  had gradually 
declined to obscurity. This species, common in estuaries (Lebour, 
1925), is unpredictable in occurrence, according to the data for 1944 
and 1945. 
Ceratium furca reached a high of 22% on July 11, 1944, and ex- 
hibited another slight increase on October 17. Then it disappeared 
during the winter and spring diatom dominance, but reappeared in 
June 1945 and increased to a high of 40% on July 6 ,  1945. It con- 
tinued to be present in small numbers through ,the summer. Cowles 
(1930) reports a maximum for this dinoflagellate in July, 1916. 
COMPARISON OF TWO YEARS. A comparison of the two years from 
September 1943 through September 1945 shows many similar trends, 
some of which have been discussed above; however, there are also 
differences peculiar to each year. These comparisons are analyzed 
below, for each of the hydrographic seasons. 
Autumn. In 1944, the temperature of the surface cooled more slowly 
than in 1943, and, correspondingly, the dissolved oxygen and salinity 
increased less rapidly in 1944 than in the previous year. At the same 
time, the plankton population differed somewhat. The 1943 autumnal 
dinoflagellate maximum of 297, occurred on November 18 and con- 
sisted primarily of Peridinium triqueta; in 1944, the maximum oc- 
curred earlier, that is, on October 4, and consisted almost entireIy of 
Prorocentrum micans. In both years the sudden increase in dino- 
flagellates was accompanied by a decline in the percentage of diatoms. 
The principal diatoms were Skeletonema costaturn and Chaetoceros 
ssp., with C. socialis predominant in 1944. 
1 Wirtter of 1944-1945 brought a quick decline in water temperature, 
which culminated in a low of O.OO C., on February 8. This contrasted 
with the milder, shorter winter of the previous year, when there was 
a low of 2.1 O C. on January 11. The plankton in both years consisted 
primarily of diatoms with a decline in the autumnal forms, listed above, 
and an increase in the vernal forms, Nitzschia seriata and Cerataulina 
bergonii. 
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Spring was later in 1945 than in the year before, corresponding to 
the prolonged and colder winter. The first signs of activity appeared 
wi.th the warming of the water and the appearance of a small per- 
centage of dinoflagellates and immature form, on February 2, 1944 
and March 10, 1945. Warm temperatures in March of 1945 brought 
! the maximum increase in temperatures of 9.5O C.,  rising from 4" to 
13.5" C. This rapid increase continued in early April, but soon 
I tapered off till a secondary warm-up in June, when the increase for 
the month was 6.0° C. The spring of 1944 followed a more expected 
pattern, with a gradual warm-up during early spring and then a maxi- 
mum increase in May, when the temperature rose from 13.5 " to 
24.5O C. The highest amount of dissolved oxygen was found on April 
20, 1944 (with 10.30 cc/l) and on February 8, 1945 (with 9.55 cc/l) . 
Salinity reached a low on May 18, 1944 (8.6 0/00) and on March 10, 
1945 (8.0 0/00). The spring plankton bbom of Nitzschia seriata and 
Cerataulina bergonii continued.in both years until shortly after the 
surface water temperature increased beyond 15O C. 
Summer for the two years varied, primarily because of a heavy 
growth of dinoflagellates in 1945. These warm water forms are 
reputedly of sporadic occurrence kom year to year (Allen, 1941 and 
1945). Apparently the irreplar appearance is due to some inherent 
specific characteristic or to a physiological system which is especially 
susceptible to slight ecological differences in successive years. At any 
rate, in 1944, din~oflageJl~ates were only moderately present, with a high 
on July 18 of 28%. The October maximum for that year has been 
described above. However, in 1945, the dinoflagellates dominated the 
plankton throughout the summer, with Peridiniz~m triqueta, Amphi- 
dinium pexum, and Ceratium furca being the most abundant forms. 
Comparison of bther groups for the two years is difficult, because of 
4 the distortion caused by the abundance of dinoflagellates. Early sum- 
mer (late May and June) of both yeats brought a sudden growth of 
zooplankton forms such as immature forms, rotifiers, and tintinnids. 
The diatom population in 1944 consisted principally of Nitzschia 
seriata, Thalassiothrix nitxschioides, Leptocytindrus danicus, and 
Skeletonemu costatum. The latter species was increasing rapidly in 
September of 1945, following the dinoflagellate decline. 
DISCUSSION 
The seasonal variations in plankton population for two years have 
been presented together with available hydrographic data. I t  is " 
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realized that a two year period is much too short to make generaliza- 
tions for even a single station, but it is possible from the data pre- 
sented herein to get an indication of the trends and the interplay of 
different factors in this temperate estuary. Also, it is of interest to 
compare the findings with tr,ends in other xreas. 
I t  is necessary, in interpreting the seasonal cycle of the plankton, 
to consider many factors aside fro'm those determined in the present 
investigation. Among the most important of these fa~tors is the 
quantity of nutrient salts dissolved in the sea water. Of the salts neces- 
sary for the syntheses of ciomplex organic substances by phytoplankton, 
the inorganic phosphates, nitrates, and silicates are those most generally 
studied. The general cycle of these nutrients has been discussed edse- 
where, for fresh water (Welch, 1935) and £01- the northern seas (John- 
stone, Scot~t, and Chadwick, 1934). Also, investigations have been 
conducted on the Chesapeake Bay to determine its phosphate content 
(Newcombe and Lang, 1939; and Newcombe and Brust, 1940). 
Conditions in the northern seas (Johnstone, et al., 1934) vary some- 
what from those found in Chesapeake Bay. In the fall, ithere is an 
increase of nutrient salts sufficient to support a diatfom maximum, 
which is secondary to the spring maximum. By the onset of cold 
weather, the available nutrients are nearly exhausted and there is a 
poverty of all phytoplankton. The few persisting forms are mostly 
zooplankton, which become abundant by March. Meanwhile, the 
nutrients have been increased by the breakdown of more complex 
nitrogen conlpounds as a result of action by the denitrifying bacteria, 
by low light penetration (Newcombe and Lang, 1939), and by the fact 
that these salts are not being utilized by the phytoplankton. 
Spring extends from March to June in {the higher latitudes. During 
this time, the #diatom maximum occurs. These osrganisms use most 
of the nutrients which have accumulated during the winter; however, 
sufficient nutrients are left to support the dinoflagellates which follow 
the diatoms (Herldm'an, 1922) and have their maximum in July and 
August (Johnstone, et al., 1934). Zooplankton is abundant at this 
time, and it utilizes much of the food made in the spring by the phyto- 
plankton. In the open sea, there is little chance for renewal of the 
nutrients until the end of summer when the dead phytoplankton forms 
undergo decomposition. 
In contrast 't'o this ,c,ycle of abun'dant nutrients which accumulate 
during winter and which become scarce in the summer, Newcombe 
and Lang found that in Chesapeake Ba? the phosphates are most abun- 
dant in summer and decrease in fall, winter, and ear3y spring. Un- 
fortunately, these investigators made no determinations during the 
period from April to July. The results of a study of this critical period 
should further an interpretation of the seasonal cycle. The workers 
explain the condition in Chesapeake Bay as being affected by the 
estuarine qualities found there. In the spring, there is an increase of 
water entering the Bay from the tributaries, carrying with it suspended 
material which does not readily settle out until it meets the more 
saline waters in the lower half of the Bay. This increase in turbidity 
interferes with the light penetration, which, according to Newcombe, 
is directly correlated with the breakdown of phosphate. Hence the 
normal summer depletion of phosphates is retarded by the turbidity. 
At the same time, the entering waters contribute dissolved nutrients 
from the lands which they drain. 
Another major difference between Chesapeake Bay and more north- 
erly waters of the ocean is that there is no winter paucity of diatoms 
in the Bay. In the northern seas, this period made possible the accumu- 
lation of nutrients by natural decomposition. Indeed, Cowles has 
raised a "suspicion" that, in Chesapeake Bay, the autumnal maximum 
continues through winta and is actually the beginning of the greater 
spring maximum. This seems to be the correct interpretation when 
viewed superficially; actually, however, as is shown from the work here 
being reported, separate species conitribute to the autumnal and vernal 
maxima, and winter can be regarded as a brief period of transition 
when diatoms are dominant but when the fall species are decreasing 
and the spring species increasing. 
Considering the relationship between the plankton and the nutrient 
salts, the seasonal cycle in Chesapeake Bay can be assumed to follow a 
pattern somewhat like the foklowing. In autumn there is a wealth of 
phosphates (Newcombe and Lang, 1939) and other nutrients. This 
i s  advantageous to the rapid growth and reproduction of dinoflagellates 
and diatoms. The latter undergo an autumnal maximum which con- 
tinues into winter. These phytoplankton forms utilize much of the 
supply of nutrient salts. During winter, the spring species appear and 
multiply in great numbers. At the time of the spring turnover in early 
February, there is a brief appearanuce of zooplankton forms, which 
probably corresponds to the winter zooplankton appearance described 
by Johnstone, et nl. Presumably at this time, there is an increase in 
the nutrients, though data are lacking for this region for the spring 
19 
months. Such an increase coul'd easily be the result of spring over.turn, 
the result of activity of the denitrifying bacteria during the cold months, 
and the influx of nutrient-bearing waters from the tributaries. At any 
rate, the supply is sufficient to support a diatom maximum. This 
bloom appears when the water temperature increases from 5 O  C. to 
15" C. Apparently the warm-up of early spring is the impetus that is 
responsibae for the brief appearance of the zooplankton and the sub- 
sequent diatom bloom. Ry the end of spring, the diatoms have de- 
pleted the supply of availabIe nutrients, and the zooplankton rapidly 
. increase as a result of lthe favorable conditions of warm weather and 
abundant food. Then the nutrients build up following the heavy 
spring rains and runoff (Newcombe, et al . ) ,  and the dinoflagellates 
have their maximum. 
SUMMARY 
1. An investigation of a single station in the Chesapeake Bay area 
was undertaken for a two-year period. Special reference was given to 
plankton species and to their seasonal variations. 
2. More than two hundred species of plankton organisms were 
identified in surface samples and are listed with their seaso,nal 
appearance. 
3. Hydrographic seasons for the area were determined. These were 
based on natural changes in plankton and environment, rather than 
on the more orthodox divisions for the seasons. 
4. A seasonal cycle for major groups is discussed. There were 
-diatom maxima in autumn and spring; and dinoflagellate maxima in 
the summer and early fall. Zooplankton forms were most abundant 
in early summer. 
5. Species making up more than one-third of the plankton are 
discussed. 
6. Data for the two year period are compared. One of the most 
conspicuous differences is the dominance of dinoflagellates in the sum- 
mer of one gear, as contrasted to the smaller maximum of the previous 
year. 
7. A generalized seasonal cycle is presented and is wmpared with 
the one known to exist in northern seas. 
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